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(54) Method and apparatus for holographically recording an essentially periodic pattern 



(57) The present invention relates to a method and 
an apparatus for holographically recording periodic or 
quasi-periodic features of a mask (14) in a holographic 
recording layer (17). In holographic lithography the 
object beam (11) is directed to the first substrate (19) 
bearing a holographic recording layer (17) such that it 
passes the mask substrate (13) and interferes with a 
reference beam (15) in the recording layer (17) to form 
a hologram of the mask pattern (14). According to the 
new method the object beam (1 1 ) is directed to the sec- 
ond substrate (13) at an off -axis angle and the wave- 
length used and/or the angle of incidence of the object 
beam (11) are selected according to the period of the 
features to be recorded such that essentially just the 
zero and one of the first diffraction orders are present for 
forming the hologram. 
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Description 

The present invention relates to a method and an 
apparatus for holographically recording periodic or 
quasi-periodic features of a mask in a holographic 5 
recording layer. 

US 4.857,425 discloses a method for the manufac- 
ture of integrated circuits using Total Internal Reflection 
(TIR) holography. The disclosed TIR holographic tech- 
nique is characterized in that a first substrate bearing a io 
holographic recording layer is disposed on the hypote- 
nuse face of a prism and a second substrate containing 
e.g. an integrated circuit pattern is arranged in proximity 
to the first substrate. The distance between the first and 
the second substrate is usually about 100 microns. In a is 
first step the pattern of the integrated circuit is holo- 
graphically recorded in the holographic recording layer 
of the first substrate by illuminating said photosensitive 
layer with an object and a reference beam of mutually 
coherent light* the object beam passing through the 20 
mask window and being incident on the holographic 
layer at 90 degree, and the reference beam being pro- 
jected through one of the shorter faces of the prism at 
such an angle that the light is totally internally reflected 
off the photosensitive layer/air interface. The interfer- 2S 
ence between the object and the reference beams is 
recorded in the photosensitive layer which after proper 
development and fixation presents the hologram. 

For the reconstruction the hologram is again con- 
tacted with the prism face and the second substrate is 30 
replaced e.g. by a silicon wafer bearing a photosensitive 
layer. Thereafter a so-called reconstruction beam is 
directed through the prism in the exactly reversed direc- 
tion to the reference beam used for the hologram 
recording. For this purpose, in practice, the hologram 35 
often is turned by 1 80° so that the reference beam func- 
tions as reconstruction beam. The reconstruction beam 
produces a positive image of the circuit pattern in the 
photosensitive layer of the silicon wafer. 

Although the holographic system of Philips allows 40 
recording of features in the submicron level the attaina- 
ble practical resolution in some cases is still not high 
enough for certain applications, e.g. for manufacturing 
so-called Distributed FeedBack Lasers (DFB-lasers). 
Their fabrication requires the formation of a fine period 45 
grating in the order of approximately 0.2 jim on a sub- 
strate material. At present the manufacturers of DFB- 
lasers use electron-beam lithography to "write" the grat- 
ing lines. This is a slow process and therefore very 
expensive and not commercially attractive for large pro- so 
duction quantities. 

A general problem of high resolution lithography is 
the restricted depth of focus of the imaged patterns. In 
holographic lithography it is therefore necessary that the 
separation between hologram and wafer in the holo- ss 
gram reconstruction step is the same as the separation 
between recording layer and mask in the hologram 
recording step. Means are therefore provided which 
allow measurement and adjustment between the mask 




and the recording layer during hologram recording and 
between hologram and wafer during hologram repro- 
duction step (see e.g. US 4.857.425 issued to Philipps). 

An object of the present invention is to overcome 
the shortcomings of the prior art arxJ. in particular, to 
provide a method and an apparatus for holographically 
recording an essentially periodic pattern of features with 
still better resolution in a holographic recording layer. 

According to the invention the method comprises 
the following steps: 

optically contacting a first substrate bearing a holo- 
graphic recording layer to one face of a prism; 
disposing a second substrate bearing a first mask 
pattern parallel and in proximity to the first sub- 
strate, the mask pattern containing periodic or 
quasi-periodic features in a first direction; 
splitting and expanding or vice versa a light beam of 
a certain wavelength to generate an object beam 
and a reference beam 

directing the reference beam to one of the remain- 
ing prism faces such that the reference light beam 
is totally internally reflected off the holographic 
recording layer/air interface and 
directing the object beam to the first substrate such 
that it passes the mask pattern and interferes with 
the reference beam in the holographic recording 
layer to form a hologram of the mask pattern, 
wherein the object beam is directed to the second 
substrate at an off-axis angle and the wavelength 
used and/or the angle of incidence of the object 
beam are selected according to the period of the 
features to be recorded such that essentially just 
the zero and one of the first diffraction orders are 
present for forming the holograrn. 

It has been found that by using such off-axis object 
beam illumination the resolution capability by TIR holo- 
graphic lithography can be significantly improved pro- 
vided that the mask pattern comprises essentially 
periodic or quasi-periodic features. The theoretical limit 
to the smallest period which can be recorded can be as 
small as s x /2 in contrast to the conventional holo- 
graphic technique where the smallest theoretically 
attainable period is X. In addition to this resolution 
advantage, since there are only two propagating diffrac- 
tion orders of light, the depth of focus is significantly 
increased in comparison with a conventional TIR holo- 
gram recording arrangement in which the object beam 
is normal to the plane of the mask. 

A quasi-periodic mask pattern is a pattern having a 
limited bandwidth of spatial frequencies (e.g. +/- 10% of 
the average spatial frequency) in contrast to a pattern 
having a precise or discrete period. Such a quasi-peri- 
odic mask pattern may comprise a sequence of grating 
segments each with a precise (and the same) period but 
offset with respect to each other by some fraction of the 
grating period. This is commonly the case for DFB 
Lasers. 
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Advantageously, the object beam is directed to the 
first substrate at an angle such that the normal to the 
plane of the first sul>strate essentially bisects the direc- 
tions of the zero and first diffraction orders. In this man- 
ner the structures which will be formed upon illumination 
of the hologram in the photosensitive layer on a wafer or 
the like, will have essentially perpendicular sidewalls 
with respect to the plane of the wafer. This can be of 
importance for subsequent processing of the wafer. 

According to an advantageous embodiment the 
plane of incidence of the object beam on the second 
substrate or mask contains the vector describing the 
direction of the periodicity, I.e. if the periodic features 
are lines in a grating, the object beam is essentially 
orthogonal to the grating lines. In this way the contrast 
of the optical interference pattern recorded in the holo- 
graphic layer can be maximised. 

Different modifications of the inventive method are 
feasible. For instance, after recording a hologram 
according to the above method it is possible to rotate 
the second substrate containing the mask pattern with 
respect to the first substrate and to rotate the object 
beam such that the plane of incidence of the object 
beam again contains the direction of the periodicity and 
to record the mask pattern of the second substrate in 
the holographic recording layer a second time. By this 
procedure high-resolution grating structures in different 
directions may be recorded and subsequently printed. 
Instead of rotating the pattern containing second sub- 
strate, the first substrate bearing the holographic 
recording layer may be rotated. 

If the second substrate is replaced by another sub- 
strate bearing a mask pattern containing periodic or 
quasi-periodic features in a second direction a holo- 
gram containing features of different periods and in dif- 
ferent directions can be produced. 

It is also possible to record the same or different 
mask patterns in two or more different holographic 
recording layers on two or more different first substrates 
for forming two or more holograms. The pattern 
recorded in these holograms can be subsequently 
reconstructed onto a photosensitive layer on a single 
substrate thereby composing a complex two-dimen- 
sional pattern, for instance a microcircuit application. 

According to a particularly advantageous embodi- 
ment of the method the second substrate containing a 
mask pattern having periodic or quasi-periodic features 
in at least two essentially different directions is used and 
wherein the mask patterns are recorded in the holo- 
graphic recording layer either by 

simultaneously illuminating the periodic features 
with at least two sets of object and reference 
beams, each set of object and reference beams 
emanating from a separate light source, where the 
object beams are at off-axis angles such that 
essentially the zero and one of the first diffraction 
order are generated by the respective periodic fea- 
tures to be recorded in the hologram 
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or by 

- first illuminating the periodic features in the first 
direction with first object and reference beams 

5 where the object beam is at an off-axis angle such 

that essentially the zero and one of the first diffrac- 
tion order are generated by the respective periodic 
features to be recorded in the hologram; and then 
illuminating the periodic features of the second 

10 direction with second object and reference beams 
where the object beam is at an off-axis angle such 
that essentially the zero and one of the first diffrac- 
tion order are generated by the second periodic 
features. 

75 

Preferably the planes of incidence of the object 
beams contain the direction of periodicity of the respec- 
tive mask patterns. 

The above methods allow the simultaneous or con- 

20 secutive recording of two-dimensional structures with- 
out re-arranging the object beams. Preferably, also the 
plane of incidence of the reference beam is in the plane 
of incidence of the object beam. However, the method 
performs also well when the plane of incidence of the 

25 reference beam is not in the plane of the object beam. 

The reconstruction of the holograms can be done 
by optically contacting the hologram - after development 
and fixation of the same - again with the prism face, 
replacing the substrate bearing the mask pattern by 

30 another substrate having a photosensitive layer and 
then directing the reference beam - with respect to the 
beam direction in the hologram recording step - in the 
reversed direction through the prism. 

The invention relates also to a holographic record- 

35 ing system for working the method. The system com- 
prises 

a prism 

a first substrate bearing a holographic recording 
40 layer and being optically contacted to one of the 
prism faces 

a second substrate being disposed parallel and in 
proximity to the first substrate, the second substrate 
bearing a mask pattern containing periodic or 
45 quasi-periodic features in a first direction, 

at least one light source emitting light with a certain 
wavelength 

a beam splitting and expansion optics for generat- 
ing 

so - an object beam and 
a reference beam 

means for directing the reference beam to one of 
the remaining prism faces such that the reference 
beam is totally reflected off the holographic record- 
55 ing layer/air interface and 

means for directing the object beam to the first sub- 
strate such that it passes the mask pattern and 
interferes with the reference beam in the holo- 
graphic recording layer to form a hologram of the 



3 



EP 0 795 803 A2 



mask pattern wherein the object beam directing 
means are arranged such that the object beam is 
directed to the second substrate at an off-axis angle 
and wherein the wavelength used and/or the angle 
of incidence of the object beam are selected 
according to the period ol the features to be 
recorded such that essentially just the zero and one 
of the first diffraction orders are present for forming 
the hologram. 

The above apparatus allows the recording of sub- 
stantially periodic structures with higher resolution than 
conventional apparati in the field of holographic lithogra- 
phy. Further preferred embodiments of the invention are 
described in the sub-claims. These include e.g. means 
for varying the angle of incidence of the object beam so 
that the system can be easily adapted to the recording 
of features of different periods 

A particularly advantageous embodiment com- 
prises 

a second light source and means for generating 
second object and second reference beams inde- 
pendent of the first object and first reference 
beams: and 

a prism allowing directing the first and the second 
reference beams to the first substrate at such an 
angle that the reference beams are reflected off the 
holographic recording layer/air interface. 

The invention is hereinafter described with refer- 
ence to the drawings, in which 

Figure 1 schematically illustrates hologram record- 
ing in a conventional TIR hologram record- 
ing system exemplified by the diffraction of 
a object beam by a mask pattern constitut- 
ing a one-dimensional grating of a period 
d; 

Figure 2 illustrates hologram recording in a holo- 
gram recording system according to the 
invention with an off -axis object beam; 

Figure 3 shows schematically an apparatus for per- 
forming the invention; 

Figure 4 illustrates schematically the problems aris- 
ing if zero and first order diffracted light are 
not symmetrical with respect to the normal 
to the plane of the rrask; 

Figures principally shows how different periodic 
patterns of two substrates can be trans- 
ferred in one hologram; 

Figures principally shows how two-dimensional 
grating structures can be manufactured 
from a single pattern: and 
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shows a possible prism shape in a cross- 
sectional view which allows the use of two 
sets of object and reference beams; 

another emtxxJiment of a prism which 
allows the use of two sets of object and ref- 
erence beams in a perspective view. 



According to Fig. 1 a conventional holographic 
recording system comprises a prism 21. a substrate 19 
bearing a holographic recording layer 17 and a second 
substrate 13 containing a grating pattern 14. The sec- 
ond substrate 1 3 is arranged parallel and in proximity to 
the first substrate 19. For hologram recording a coher- 
ent light beam 1 1 or object beam is sent through the 
second substrate 13 whereby the light beam 11 is dif- 
fracted at the grating pattern 14. A reference beam 15 is 
directed through the prism 21 to the first substrate 19 at 
such an angle that it is reflected off the holographic 
recording layer/air interface. The interference of the dif- 
fracted orders generated by the grating pattern 14 with 
the reference beam 15 is recorded in the holographic 
layer 1 7 and thereby forms a hologram. 

In this example, the light beam 1 1 of wavelength X 
passing through the grating 13 of a period d is diffracted 
and produces a zero order, two first orders. (+1 .-1) and 
two second orders (+2.-2). In the general case, the 
number of diffraction orders depends on the ratio of A/d 
(wavelength/grating period). 

It is well known that the angle Qn of the n*^ diffrac- 
tion order is governed by the general formula: 

sin B^-nkf6 

where n = 0.1 .2 ( the order of diffracted light). 

From this formula it is evident that first order dif- 
fracted light will only be present if 

d > A (corresponding to sin 6 < 1 ) 

Accordingly, with the known system of figure 1 the 
smallest period which can theoretically be recorded is 
equal to the wavelength X of the light used. 

Figure 2 illustrates a novel arrangement, particu- 
larly useful for recording periodic or quasi-periodic fea- 
tures. In contrast to the known holographic recording 
system of Fig. 1 the object beam 1 1 is arranged such 
that it illuminates the mask pattern at an angle 6 with 
respect to the normal 23 to the substrate planes and 
such that the plane of incidence of the beam 1 1 con- 
tains the direction of periodicity of the grating pattern 
14. In the preferred embodiment the angle of incidence 
B of the object beam 11 is arranged such that the first 
diffraction order (-1) and the zero order (undiffracted 
light) are symmetrically disposed either side of the nor- 
mal 23 to the mask plane, i.e. the normal 23 bisects the 
directions of the zero and first diffraction orders. With 
this arrangement the angle of incidence Is related to the 
wavelength and the period of the mask pattern by 
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sin e = X / 2 d 

Accordingly, the theoretical limit of the smallest 
period which can be recorded is 



i.e. half that of the apparatus of US 4.857,425. 

If the period of the pattern is too large (d > 3 a/2 ). 
more than two orders will propagate and be recorded in w 
the hologram. In this case the image reconstructed from 
the hologram will have an inferior depth of focus, reduc- 
ing the effectiveness of this technique. 

Thus, in practice the period of the features to be 
recorded should be in the following range: is 

A/2 <d <3a/2 

In the above range the new method and apparatus 
exhibits higher resolution for recording periodic struc- 20 
tures. 

It is to be noted that, if there are only two propagat- 
ing orders of light, the depth of focus of the image at 
reconstruction becomes infinite for an infinite grating 
structure. For finite patterns the depth of focus of the 25 
reconstructed image will be a maximum in the middle 
and will decrease towards the edges of the image. 
Nonetheless, by proper choice of the various parame- 
ters ( size of the mask pattern, wavelength, angle of inci- 
dence of the light beams and resolution of the features 30 
to be printed) the specification on the reconstruction 
apparatus can be relaxed resulting in much lower 
investment costs and a simpler manufacture procedure. 

For recording a substantially periodic pattern the 
hologram recording system of Fig. 3 may be used. The 35 
main difference with respect to known hologram record- 
ing systems is that the object beam is directed towards 
the plane of the mask at an angle 0 to the normal to the 
mask substrate plane such that the plane of incidence 
of the object beam 1 1 contains the direction of periodic- 40 
ity of the periodic pattern 14. The recording system 
comprises a light source 25. usually a laser source, 
whose emitting light beam 27 is split by a beam splitter 
29 into an object beam 11 and a reference beam 15. 
The beams 11.15 are both expanded by an appropriate 45 
expansion optics 31 . The expansion optics usually com- 
prises an expansion lens and a collimating lens. By 
these means well collimated light beams 1 1 and 15 are 
formed. It is to be noted that the light beam 27 may 
alternatively be expanded before the beam splitter 29 so so 
that just one expansion optics 31 is needed. 

The object beam 1 1 is directed by a mirror 37 to the 
mask substrate 13 so that it illuminates the mask pat- 
tern 14 at an off -axis angle e. The reference beam 15 is 
deflected by mirror 39 so that it is directed through the ss 
hypotenuse face of the prism 21 to the holographic 
recording layer 17 at an angle of approximately 45° 
such that the beam is totally internally reflected off the 
recording layer/air Interface. The mask pattern 14 is 



arranged parallel and at a distance s above the record- 
ing layer 17 using piezoelectric transducers 33. 

Figure 4a illustrates schematically the difference in 
the patterns 41 printed from holograms 43 where during 
hologram recording the zero and first diffraction orders 
were symmetrical to the normal to the holographic layer 
bearing prism face (Fig. 4a) and asymmetric thereto 
(Fig. 4b). 

Upon illumination of the hologram 43 by a recon- 
struction beam 45 a positive image of the mask pattern 
is reconstructed in the photosensitive layer 49 on a sub- 
strate 51 to form a structure or pattern 41 after develop- 
ment. As can be seen from the schematic drawing Fig. 
4a the two reconstructed diffraction orders emanating 
from the hologram 41 are essentially symmetrical to the 
normal 23. Accordingly, the sidewalls of the three- 
dimensional structures 41 printed into the photosensi- 
tive layer 49 are essentially perpendicular to plane of 
substrate 51. Figure 4b, in contrast, shows the struc- 
tures 41 ' printed into the photosensitive layer 49' from a 
hologram 43' where during hologram recording the 
angle of incidence of the zero and first diffraction orders 
were different (ch^ and <1>2. respectively). The printed 
structure 41* has substantially oblique sidewalls with 
respect to the substrate plane. For the manufacture of 
microelectronic devices this Is undesirable. 

Fig. 5 shows how a hologram recording periodic 
structures in two different directions in the xy-plane can 
be manufactured from two masks, each having a peri- 
odic structure in one specific direction. 

Rg. 6 illustrates the manufacture of a two-dimen- 
sional grating structure from a single mask having a 
periodic structure in one distinct direction. After a first 
holographic recording the mask pattern 13 and the 
object beam are rotated by 90^ and then a second holo- 
gram is recorded so that a two-dimensional grating 
structure is produced. 

A possible prism shape which allows the use of 
more than one set of object and Reference beams is 
shown in Fig. 7. The prism 2 1 ' has two beam entry faces 
53 (just one is shown in the cross sectional view), each 
for one reference beam. The prism can be used for the 
simultaneous recording of features in two different 
directions. Another embodiment of a possible prism 
shape is shown in Fig. 8. 

The hologram recording of a substantially periodic 
pattern can be conducted as follows (see e.g. Fig. 3): 
First a substrate 19 coated with an appropriate holo- 
graphic recording layer 17 is arranged on one of the 
prism faces. A fluid with the same refractive index as the 
prism and the substrate material is applied between the 
substrate 19 and the prism 21 so that the reference 
beam 15 can pass from the prism 21 to the sufcjstrate 19 
without being reflected. A second substrate 1 3 contain- 
ing a mask pattern 14 Is then arranged parallel and in 
proximity to the first substrate 19. The mask pattern 14 
of the second substrate 13 can be produced by any of 
the known lithographic methods e.g. electron t^am 
lithography 
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For hologram recording a light beam, preferably 
from a laser source, is split by a beam splitter 29 into an 
object beam 11 and a reference beam 15. The beams 
11.15 are expanded and collimated by one or more 
expansion optics 31 in a known manner. 

The reference beam 15 is directed through one of 
the prism faces such that it is totally reflected from the 
holographic recording layer/air interface of the sub- 
strate. The object beam 1 1 is directed to the first sub- 
strate 19 at an off -axis angle. The object beam passing 
the mask pattern 13 is thereby diffracted. The angle of 
incidence is chosen according to the wavelength of the 
light used and the prevailing period in the mask pattern 
14. 

During illumination the object and reference beams 
11,15 interfere with each other in the photosensitive 
layer 1 7 thereby forming a hologram of the mask pattern 
14. Thereafter the first substrate 19 may be rotated or 
replaced by another substrate having a second mask 
pattern of a same or different period and a second illu- 
mination can take place. After all the illumination steps 
have been completed the holographic layer 17 is fixed. 

To reconstruct a hologram 43 (Fig. 4a). the holo- 
gram substrate 19 is again contacted to the prism face 
and the substrate containing the mask pattern is 
replaced by a substrate 51 coated with a photosensitive 
layer 49. A reconstruction light beam 45 is directed 
through one of the prism faces in exactly the reverse 
direction to the reference beam direction. Light dif- 
fracted by the hologram thereby reconstructs a positive 
image of the mask pattern in the photosensitive layer 
49. 

The above described method and apparatus for 
performing the method is particularly useful for forming 
holograms from substantially periodic or quasi-periodic 
mask patterns. 

Claims 

1. Method of holographically recording periodic or 
quasi -periodic features of a mask pattern in a holo- 
graphic recording layer comprising: 

optically contacting a first substrate (19) bear- 
ing a holographic recording layer (17) to one 
face of a prism (21); 

disposing a second substrate (13) bearing a 
first mask pattern parallel and in proximity to 
the first substrate (19), the mask pattern( 14) 
containing periodic or quasi -periodic features 
in a first direction; 

splitting and expanding or vice versa a light 
beam (27) of a certain wavelength to generate 
an object beam (11) and a reference beam (15) 
directing the reference beam (1 5) to one of the 
remaining prism faces such that the reference 
light beam (15) is totally internally reflected off 
the holographic recording layer/air interface 
and 



directing the object beam (1 1) to the first sub- 
strate (19) such that it passes the mask pat- 
tern( 14) and interferes with the reference 
beam (15) in the holographic recording layer 

5 (17) to form a hologram of the mask pattern( 

14). vyherein the object beam (1 1) is directed to 
the second substrate (13) at an off -axis angle 
and the wavelength used and/or the angle of 
incidence of the object beam (11) are selected 

10 according to the period of the features to be 

recorded such that essentially just the zero and 
one of the first diffraction orders are present for 
forming the hologram. 

75 2. Method according to claim 1 wherein the object 
beam (1 1 ) is directed to the first substrate ( 19) at an 
angle such that the normal to the plane of the first 
sufc>strate (19) essentially bisects the directions of 
the zero and first diffraction orders. 

20 

3. Method according to claim 1 or 2 wherein the plane 
of incidence of the object beam (1 1) on the second 
substrate (13) or mask (14) contains the direction of 
the periodic features. 

25 

4. Method according to any one of claims 1 to 3 com- 
prising the additional steps of 

rotating the second substrate (13) with respect 
30 to the first substrate (19); 

rotating the object beam (11) such that the 
plane of incidence of the object beam (11) 
again contains the direction of the periodic fea- 
tures; and 

35 - recording the mask pattern( 14) of the second 
substrate (13) in the hok>graphic recording 
layer (1 7) a second time. 

5. Method according to any one of claims 1 to 3 com- 
40 prising 

replacing the second substrate (13) after 
recording the same by another substrate (13) 
or mask pattern (14) containing periodic or 

45 quasi-periodic features in a second direction; 

rotating or arranging the object beam (11) in 
such a way that the plane of incidence of the 
object beam (11) contains the periodic features 
of the second direction; and 

50 - recording said second features in the holo- 
graphic recording layer (1 7). 

6. Method according to claim 4 or 5 wherein the steps 
of claim 4 or 5 are repeated. 

55 

7. Method according to any one of daims 1 to 3 
wherein the same or different mask patterns ( 14) 
are recorded In two or more different holographic 
recording layers (17) on two or more different first 
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substrates (19) for forming two or more holograms. 

■ 8. Method according to one of the claims 1 to 3 
wherein a second substrate (13) containing a mask 
pattern( 14) having periodic or quasi-periodic tea- 5 
tures in at least two essentially different directions 
is used and wherein the mask patterns (14) are 
recorded in the holographic recording layer (17) 
either by 

10 

simultaneously illuminating the periodic fea- 
tures with at least two sets of object (11) and 
reference (15) beams, each set of object (11) 
and reference (15) beams emanating from a 
separate light source (25). where the object is 
beams (11) are at off-axis angles such that 
essentially the zero and one of the first diffrac- 
tion order are generated by the respective peri- 
odic features to be recorded in the hologram 

20 

or by 

first illuminating the periodic features in the first 
direction with first object (11) and reference 
(15) beams where the object beam ( 1 1 ) is at an 25 
off-axis angle such that essentially the zero 
and one of the first diffraction order are gener- 
ated by the respective periodic features to be 
recorded in the hologram; and then illuminating 
the periodic features of the second direction 30 
with second object 11) and reference (15) 
beams where the object beam (1 1) is at an off- 
axis angle such that essentially the zero and 
one of the first diffraction order are generated 
by the second periodic features. 35 

9. Method according to one of the claims 1 to 8 
wherein the direction of the reference beam (15) is 
preferably in the plane of the object beam (11). 

40 

10. Method according to one of the claims 1 to 9 
wherein the wavelength of the light used is in the 
following range: 

X/2 < d < 3a/2 45 

11. Method according to one of the claims 1 to 10 
wherein after development and fixation of the holo- 
graphic layer (17) the hologram is again contacted 
with the prism face and then reconstructed by so 
replacing the substrate (13) bearing the mask pat- 
tern (14) by another substrate (51) having a photo- 
sensitive layer (49) and directing the reference 
beam (45) - with respect to the beam direction in 
the hologram recording step - in the reversed direc- ss 
tion through the prism (21). 

12. Total Internal Reflection (TIR) hologram recording 
system for lithographic purposes, in particular for 



recording periodic or quasi-periodic features of a 
mask pattern in a holographic recording layer, com- 
prising 

a prism (21) 

a first sut>strate (19) bearing a holographic 
recording layer (17) and being optically con- 
tacted to one of the prism faces 
a second substrate (13) being disposed paral- 
lel and in proximity to the first substrate (19). 
the second substrate (13) bearing a mask pat- 
tern( 14) containing periodic or quasi -periodic 
features in a first direction, 
at least one light source (25) emitting light (27) 
with a certain wavelength 
a beam splitting (29) and expansion optics (3 1 ) 
for generating 

an object beam (11) and 
a reference beam (1 5) 

means (39) for directing the reference beam 
(15) to one of the remaining prism faces such 
that the reference beam (15) is totally reflected 
off the holographic recording layer/air interface 
and 

means (37) for directing the object beam (11) 
to the first substrate (19) such that it passes the 
mask pattern( 14) and interferes with the refer- 
ence beam (15) in the holographic recording 
layer (1 7) to form a hologram of the mask pat- 
tern( 14) wherein the <:*)ject beam (11) direct- 
ing means are arranged such that the object 
beam (11) is directed to the second substrate 
(13) at an off -axis angle and wherein the wave- 
length used and/or the angle of incidence of the 
object beam (11) are selected according to the 
period of the features to be recorded such that 
essentially just the zero arxJ one of the first dif- 
fraction orders are present for forming the holo- 
gram. 

13. System according to claim 12 wherein the direction 
of the object beam (1 1) with respect to the first sub- 
strate (19) is at an angle such that the normal to the 
plane of the first substrate (19) essentially bisects 
the directions of the zero and first diffraction orders. 

14. System according to claim 12 or 13 wherein means 
are provided for varying the angle of incidence of 
the object beam (11). 

15. System according to one of the claims 11 to 13 fur- 
ther comprising 

a second light source and means for generat- 
ing second object and second reference 
beams independent of the first object (11) and 
first reference beams (15); and 
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a prism (21 ) allowing directing the first and the 
second reference beams to the first substrate 
(19) at such an angle that the reference beams 
are reflected off the holographic recording 
layer/air interface. 5 

16. Use of the method according to one of the claims 1 
to 1 1 for manufacturing a DFB-laser. 
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(57) The present invention relates to a method and 
an apparatus for holographically recording periodic or 
quasi-periodic features of a mask (14) in a holographic 
recording layer (17). In holographic lithography the 
object beam (11) is directed to the first substrate (19) 
bearing a holographic recording layer (17) such that it 
passes the mask substrate (13) and interferes with a 
reference beam (15) in the recording layer (17) to form 
a hologram of the mask pattern (14). According to the 
new method the object beam (1 1) is directed to the sec- 
ond substrate (13) at an off-axis angle and the wave- 
length used and/or the angle of incidence of the object 
beam (11) are selected according to the period of the 
features to be recorded such that essentially just the 
zero and one of the first diffraction orders are present for 
forming the hologram. 
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